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ABSTRACT:  Liquid chromatography with fluorescence detection using immu-
noaffinity column clean-up was a method described for determination of aflatoxins (AFB1, 
AFB2, AFG1 and AFG2) in peanuts and peanut based products. The validation of the procedure 
was performed. Good coefficient of correlation was found for all aflatoxins in the range of 
0.9993–0.9999. Limit of detection (LOD) and limit of quantification (LOQ) ranged from 
0.003–0.005 mg/kg and 0.009–0.023 mg/kg, respectively, which was acceptable. The mean 
recovery for total aflatoxins was 88.21%. The method also showed acceptable precision 
values in the range of 0.171–2.626% at proposed concentration levels for all four aflatoxins. 
RSDR values (within laboratory reproducibility) calculated from the results showed good 
correlation between two analysts for all aflatoxins and they ranged from 4.93-11.87%. The 
developed method was applied for the determination of aflatoxins in 27 samples of peanuts 
and peanut based products. The results showed that 21 peanut samples (77.7%) were below 
LOD of the method. Three samples had positive results over the MRL. There was one extreme 
value recorded for the total aflatoxins in peanut (289.2 mg/kg) and two peanut based products, 
peanut snack and peanut, with total content of aflatoxins being 16.3 mg/kg and 8.0 mg/kg, 
respectively. The obtained results demonstrated that the procedure was suitable for the de-
termination of aflatoxins in peanuts and peanut based products and it could be implemented 
for the routine analysis. 
KEY WORDS: aflatoxins (AFB1, AFB2, AFG1 and AFG2), imunoaffinity column clean-
-up, HPLC-FLD, peanut samples, peanut based products, validation
INTRODUCTION 
Aflatoxins are toxic secondary metabolites produced mostly by Aspergillus 
flavus and A. parasiticus. Among them, aflatoxin B1 exhibits the highest toxicity 
and carcinogenicity and it can be found in many commodities (groundnuts, nuts, 
cereals and their products, dried fruits, herbs) (S o l e i m a n y F. et al., 2012). 
The International Agency for Research on Cancer (IARC) classified naturally 
occurring aflatoxin B1 as carcinogenic to humans (Group 1) (IARC, 1993). 
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Peanuts and peanut based products are considered as popular food among 
all age groups, especially peanut snacks and peanut flips (D i s s a n a y a n e 
D M M P et al., 2009). Peanut has proved to be a good substrate for the growth 
of Aspergillus sp. and for the production of aflatoxins (Ba k h ie t  et Mu s a, 
2010). Factors responsible for the high incidence of aflatoxin contamination of 
peanuts include poor agricultural practices during planting, harvesting, dry-
ing, transportation and storage of the product (O l i v e i r a et al., 2009). There 
are several reports from all over the world concerning the aflatoxin contami-
nation in peanuts and peanut products. Y e n t ü r et al., (2009) analyzed 20 
samples of peanut butter in Turkey and found that all samples contained afla-
toxins ranging from 8.16-75.74 mg/kg. O l i v e i r a et al. (2009) reported that 
52% of the peanut samples analyzed in Brazil were positive for aflatoxins, 
ranging from 51-420 mg/kg. P a r k (2006) analyzed 40 peanut and 30 peanut 
butter samples. AFB1 was found in 5 peanut butter samples with mean AFB1 
concentration of 12 mg/kg, and 10 peanut samples had AFB1 concentration 
ranging from 19-32 mg/kg. In another study, M u t e g i et al., (2009) carried 
out a survey on a total of 1260 peanut product samples. Thirty eight per cent 
of all samples tested were noted safe according to the EU regulatory limits. 
The most contaminated product was peanut flour with 88% of all its products, 
having aflatoxin levels of more than 10 mg/kg. 
Total aflatoxin content in food is regulated by legislation worldwide (Com-
mission Regulation 466/2001, 2174/2003 and 1881/2006). Our country has 
adopted the EU regulations since December 2005 (118/2005). Different ana-
lytical methods are used for aflatoxins analysis (R e n et al., 2007; I b á ñ e z 
– V e a et al., 2011). The HPLC methods for mycotoxin analysis have gained 
more attention due to their efficiency and high sensitivity, especially when 
fluorescence detection is used because it provides high selectivity, low LOQ 
and accurate analysis (B a o et al., 2010). Very important aspect concerning 
mycotoxin analysis is sample preparation and clean-up. Application of immu-
noaffinity column (IAC) provides clean extracts due to the specificity of the 
antibody, applicability to complex matrices, good precision, accuracy and 
sensitivity of analytical methods (S c o t t and T r u c k s e s s, 1997; Cich n a 
– M a r k l, 2011).
The aim of this research was to evaluate and validate reliable analytical 
method for determination of total aflatoxins in peanuts and peanut based 
products, using immunoaffinity column clean-up and liquid chromatography 
with postcolumn bromination in Kobra cell and fluorescence detection.
2. MATERIALS AND METHODS
2.1. Apparatus
HPLC analysis was performed with Perkin Elmer (PE) chromatographic 
system equipped with binary pump (PE LC-250), manual injector (PE Rheodyne 
7125) and fluorescence detector (PE LC-240). Mycotoxins were separated on 29
Supelco column (250 mm x 4.6 mm, 5mm) at room temperature. The mobile 
phase was a mixture of water: acetonitrile: methanol (600:50:350, V/V/V) with 
addition of 119 mg KBr and 350 ml 4N HNO3. The mobile phase was degasified 
in the ultrasonic bath before use. The flow rate was 1 ml/min and the injection 
volume was 100 ml. The detection was carried out at lex = 360 nm and lem = 
440 nm. 
2.2. Reagents and standard solutions
HPLC reagents (methanol, acetonitrile, water) and chemicals (benzene, 
KBr, NaCl, HNO3) were purchased from Merck (Darmstadt, Germany). For 
clean-up purification immunoaffinity columns Aflaprep (R-Biopharm Rhône, 
Glasgow, Scotland) were used. As a standard aflatoxin mix from Supelco, with 
concentrations of AFB1 982 ng/ml, AFB2 284 ng/ml, AFG1 1034 ng/ml, AFG2 
333 ng/ml dissolved in benzene:acetonitrile (98:2), was used. Aflatoxin mix stock 
solution with concentrations of AFB1 100 ng/ml, AFB2 28.4 ng/ml, AFG1 103.4 
ng/ml, AFG2 33.3 ng/ml was prepared from the aflatoxin mix standard, dis-
solving aliquot (1.01 ml) in a volumetric amber flask of 10 ml with solvent 
mixture benzene:acetonitrile (98:2). Seven working standard solutions were 
prepared from the stock solution in volumetric amber flasks of 5 ml. The ali-
quot of solution needed for preparation of working standards was evaporated 
under stream of nitrogen and the dry residue was dissolved in methanol:water 
(1:1). All working standards were kept in a refrigerator at 2-8°C. 
2.3. Samples
Total of 27 peanuts and peanut based products samples were collected 
during 2011-2012. All the samples were brought to our laboratory by border health 
inspectors or food operators. The samples were kept in their original pack-
ages in dark, dry and cool place until analysis. For the recovery experiment, 
aflatoxin-free peanut samples were spiked with known amount of aflatoxin B1 
at three concentration levels (1.0, 2.0 and 5.0 mg/kg) and all of them were 
around maximum residual level (MRL) for peanuts. Those portions (500 ml) 
of aflatoxin B1 standards were applied to the tested samples and they were kept 
for app. 15 min before the addition of extraction solvent. 
2.4. Analytical procedure
The extraction and purification of aflatoxins from peanut samples was 
done according to AOAC method (AOAC, 2005). HPLC-FLD procedure was 
performed according to ISO standard (ISO 16050:2003). Twenty five grams of 
tested sample with addition of 5g NaCl and 125 ml 70% methanol was mixed 
in a blender jar for 2 min at high speed. The mixture was filtered through a 30
fluted filter paper. Thirty ml of water was added to a 15 ml of filtrate and 
filtered again through microfiber filter paper. Fifteen ml of the second filtrate 
was quantitatively passed through the immunoaffinity column at flow rate of 
1-2 drop/sec. The column was washed with 10 ml of water. Aflatoxins were eluted 
with 1 ml of methanol in an amber vial at flow rate of 1-2 drop/sec. The elution 
step was repeated one more time with 1 ml of water. Then, 100 ml of methanol-
-water solution was applied to HPLC-FLD system, followed by derivatization 
with bromine in Kobra cell (R-Biopharm Rhône). 
2.5. Validation procedure
The validation procedure was performed according to Decision 2002/657/
EC and Regulation 401/2006/EC. Seven working standard solutions were used 
for the linearity testing in the following range: for AFB1 0.25-15.0 ng/ml, for 
AFB2 0.071-4.260 ng/ml, for AFG1 0.258-15.51 ng/ml and for AFG2 0.083-
4.990 ng/ml. The LOD was calculated as 3.3xSD/slope (according to the ICH 
regulation – Validation of analytical procedures:Q2), where the slope was es-
timated from the calibration curve in the lower concentration range and SD 
(standard deviation) was based on the measurement of analytical background 
response of ten (10) blank samples. The LOQ was calculated as 10xSD/slope 
in the same manner as LOD. Recovery, as a part of method validation, was 
determined according to the method of standard addition. The following forti-
fied concentration levels were applied: for AFB1 (1.0; 2.0 and 5.0 mg/kg), for 
AFB2 (0.310; 0.568 and 1.550 mg/kg), for AFG1 (1.028; 2.068 and 5.128) and 
for AFG2 (0.293; 0.666 and 1.464 mg/kg), by using an aflatoxin-free peanut 
sample (previously determined with HPLC-FLD). At each fortified level the 
analysis was performed with six replicates. Repeteability was estimated based 
on standard deviation and relative standard deviation (coefficient of variation 
– CV), using the data from the recovery experiment. Within-laboratory repro-
ducibility of the method was performed in the same way using fortified ana-
lyte concentration: for AFB1 2.000 mg/kg, for AFB2 0.568 mg/kg, for AFG1 
2.068 mg/kg and for AFG2 0.666 mg/kg. The analysis was also performed with 
six replicates. Those steps were repeated by different analysts in different 
days, using the same method, same samples and the same apparatus. The 
precision of the HPLC-FLD system was achieved with six injections in series 
of seven working standards. 
3. RESULTS AND DISCUSSION
Seven-point calibration curves were linear in the proposed concentration 
range for all four aflatoxins and they had satisfactory coefficient of correla-
tion (R
2) in the range of 0.9993-0.9999. The method was appropriate for the 
tested concentration range, having in mind the European legislation regarding 
the maximum permitted level of aflatoxins in peanuts (2.0 mg/kg for AFB1 31
and 4.0 mg/kg for sum of AFB1, AFB2, AFG1 and AFG2 for nuts and processed 
products thereof, intended for human consumption or use as ingredients in 
foodstuff). 
Limits of detection were in the range of 0.003-0.008 mg/kg for all four 
aflatoxins and limits of quantification were in the range of 0.009-0.023 mg/kg. 
The results obtained from repeatability, which was estimated by relative 
standard deviation (RSDr), were satisfactory and they are presented in Table 
1. The obtained values are in the acceptable range (0.171 – 2.626%) at pro-
posed concentration level for all four aflatoxins. 
Tab. 1. – Repeatability, estimated by relative standard deviation (RSDr) and recovery of the method
spiked
concentration
level (mg/kg)
determined
concentration
level (mg/kg)
SDr* RSDr (%) recovery (%)
AFB1 8.940 7.608 0.174 2.290 92.33
AFB2 2.530 3.263 0.006 0.171 127.86
AFG1 9.240 7.344 0.154 2.098 84.37
AFG2 2.970 1.447 0.038 2.626 48.31
n* = 6
The results for the recovery are also given in Table 1. The values for AFB1 
and AFG1 were in compliance with the European legislation, and performance 
criteria for aflatoxins were in line with Commission Regulation 401/2006. For 
AFB1 the recovery was 92.33% and the recovery for AFG1 was 84.37%. There 
were some minor deviations concerning the values of AFB2 and AFG2. However, 
having in mind that AFB1 usually contributes to the total content of aflatoxins 
and that all EU Directives (Commission Regulation 466/2001, 2174/2003 and 
1881/2006) offer a possibility to express the results as AFB1 content or sum of 
aflatoxins, those deviations are not likely to affect the result significantly. 
Table 2 gives results for the within-laboratory reproducibility expressed 
with standard deviation (SDR) and relative standard deviation (RSDR). RSDR 
values calculated from the results showed acceptable correlation between two 
analysts in all four aflatoxins. For AFB1, RSDR values were 6.602% for the first 
analyst and 4.934% for the second analyst, for AFB2 values are 10.041% and 
6.865%, for AFG1 values are 8.356% and 6.380% and for AFG2 values are 
5.967% and 11.870%.
The stability of the method was tested following the AFB1 concentration 
by applying the method of 20 toxin-free peanut samples fortified with AFB1 
2.0 mg/kg. The obtained mean concentration was 1.624 mg/kg. Each series of 
analyzed samples was controlled. The obtained values showed that the method 
was stable over the tested period, having in mind the Shewhart control chart 
(Fig. 1). 32
Tab. 2. – Within-laboratory reproducibility estimated by standard deviation (SDR) and relative 
standard deviation (RSDR)
I analyst II analyst
spiked
concentration
level (mg/kg)
AFB1 2.000 2.000
AFB2 0.568 0.558
AFG1 2.068 2.068
AFG2 0.666 0.666
determined
concentration
level (mg/kg)
AFB1 1.644 1.617
AFB2 0.498 0.493
AFG1 1.158 1.145
AFG2 0.260 0.252
SDR*
n* = 6
AFB1 0.109 0.080
AFB2 0.050 0.034
AFG1 0.097 0.070
AFG2 0.015 0.030
RSDR (%)
AFB1 6.602 4.934
AFB2 10.041 6.865
AFG1 8.356 6.380
AFG2 5.967 11.87
Fig. 1. – Shewhart control chart 
The results from 27 analyzed samples are presented in Table 3. As it can 
be seen from the table, most of the peanut samples are below LOD with excep-
tion of one extreme (289.2 mg/kg for total content of aflatoxins). One sample 
of peanut snack had maximum content of total aflatoxins 16.3 mg/kg, which 
was over the permitted MRL of 4.0 mg/kg for total aflatoxins. One sample of 
peanut flips also had content of total aflatoxins over the MRL (8.0 mg/kg).33
Tab. 3. – Results from the analysis of total aflatoxins in peanuts and peanut based products
Sample type No. of samples No. of samples 
below LOD
No. of samples 
over the MRL
Concentration range for 
sum of AFB1, AFB2, AFG1 
and AFG2 (mg/kg)
Peanuts 13 9 4 1.5-289.2 mg/kg
Peanut snacks 10 9 1 16.3 mg/kg
Peanut flips  2 1 1 8.0 mg/kg
Peanut butter  2 2 – –
Chromatograms for three positive samples (a-peanut snack sample, b-pea-
nut flips sample and c-peanut samples) are presented in Figure 2. They are 
well defined, without matrix effects and practically without impurities and 
unidentified peaks. This is due to the IAC selectivity and selectivity of the 
procedure.
Fig. 2. – Chromatograms of positive (a) peanut snack sample (total concentration of  
aflatoxins 16.3 mg/kg), (b) peanut flips sample (total concentration of aflatoxins 8.0 mg/kg)  
and (c) peanut sample (total concentration of aflatoxins 289.2 mg/kg)
4. CONCLUSION
This paper presented the results of application of reliable HPLC-FLD 
method for the analysis of total aflatoxin. The validation procedure confirmed 
that the proposed method provides satisfactory aflatoxin recoveries (mean 
value for total aflatoxins was 88.21%), with acceptable precision values in the 
range of 0.171–2.626% at proposed concentration levels for all four aflatoxins. 
The method also showed high level of peak selectivity and low values for limit 
of detection and limit of quantification. The results from 27 analyzed samples 
showed that 21 samples (77.7%) were below the LOD. Three samples had 34
positive results over the MRL. One extreme result was obtained for the pres-
ence of total aflatoxins in peanut (289.2 mg/kg) and two peanut based products, 
peanut snack and peanut flips, with total content of aflatoxins being 16.3 mg/kg 
and 8.0 mg/kg, respectively. 
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ОДРЕЂИВАЊЕ ПРИСУСТВА АФЛАТОКСИНА У КИКИРИКИЈУ  
И ПРОИЗВОДИМА ОД КИКИРИКИЈА ПРИМЕНОМ ТЕЧНЕ 
ХРОМАТОГРАФИЈЕ СА ФЛУОРЕСЦЕНТНИМ ДЕТЕКТОРОМ
Биљана Стојановска-Димзоска, Зехра Хајрулаи-Муслиу, 
Елизабета Димитриеска-Стојковић, Ристо Узунов, Павле Секуловски
Институт за храну, Факултет ветеринарске медицине, Скопје, Р. Македонија
Резиме
У раду је описан метод за одређивање афлатоксина (AFB1, AFB2, AFG1 и 
AFG2) у кикирикију и производима од кикирикија применом метода течне хро-
матографије са флуоресцентним детектором уз примену имуноафинитетне ко-
лоне за пречишћавање. Такође је приказан и поступак валидације метода. За све 
испитиване афлатоксине, показан је добар коефицијент корелације који се кретао 
у опсегу 0.9993–0.9999. Лимит детекције (LOD) и лимит квантификације (LOQ) 
се кретао у прихватљивим границама од 0.003–0.005 mg/kg и 0.009–0.023 mg/kg, 
респективно. Средња вредност за рикавери за суму афлатоксина је био 88.21%. 
Метод је такође показао задовољавајућу прецизност за испитивање концентраци  ја 
токсина и кретао се у опсегу 0.171–2.626%. Интралабораторијска репродуктив-
ност (RSDr) је показала добру корелацију између два аналитичара за све испити-
ване афлатоксине и кретала се у границама 4.93–11.87%. Испитиван метод је при-
мењен у одређивању садржаја афлатоксина у 27 узорака кикирикија и производа 
од кикирикија. Резултати испитивања су показали да је садржај афлатоксина у 
21 узорку (77.7%) био испод лимита детекције (LOD) метода. Три узорка су били 
позитивни на садржај токсина и садржали су их у дози вишој од максимално до-
зво  љених вредности. Постојао је један узорак кикирикија са екстремно високим 
садржајем афлатоксина (289.2 mg/kg) и два производа на бази кикирикија (кики-
рики снек) са укупним садржајем афлатоксина од 16.3 mg/kg и 8.0 mg/kg. Резулта-
ти потврђују да је приказан метод одговарајући за одређивање афлатоксина у ки  -
кирикију и сродним производима и препоручује се његова примена у рутинским 
анализама.
КЉУЧНЕ РЕЧИ: афлатоксини (AFB1, AFB2, AFG1 and AFG2), пречишћавање 
имуноафинитетним колонама, HPLC-FLD, кикирики, производи од кикирикија, 
валидација